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Abstract
To generate a comprehensive profile of  viable fungi (yeasts 
and molds) on cheese as it is purchased by consumers, 44 
types of  cheese were obtained from a local grocery store 
from 1 to 4 times each (depending on availability) and sam-
pled. Pure cultures were obtained and identified by DNA se-
quence of  the ITS region, as well as growth characteristics 
and colony morphology. The yeast Debaryomyces hansenii 
was the most abundant fungus, present in 79 % of  all cheeses 
and 63 % of  all samples. Penicillium roqueforti was the most 
common mold, isolated from a variety of  cheeses in addi-
tion to the blue cheeses. Eighteen other fungal species were 
isolated, ten from only one sample each. Most fungi isolated 
have been documented from dairy products; a few raise po-
tential food safety concerns (i.e. Aspergillus flavus, isolated 
from a single sample and capable of  producing aflatoxins; 
and Candida parapsilosis, an emerging human pathogen iso-
lated from three cheeses). With the exception of  D. hansenii 
(present in most cheese) and P. roqueforti (a necessary com-
ponent of  blue cheese), no strong correlation was observed 
between cheese type, manufacturer, or sampling time with 
the yeast or mold species composition.
Introduction
The cheese microbiota has long been known to be the 
major contributor to cheese flavor, aroma, texture, and ap-
pearance [3, 21, 38]. This complex microbial ecosystem in-
cludes both culture organisms and adventitious bacteria, 
yeasts, and molds [45]. The diversity and number of  specific 
types of  organisms present in cheese depend on the micro-
bial quality of  the milk, handling and heat treatment of  the 
milk, manufacturing and curd-handling conditions, temper-
ature and humidity during ripening, amount and manner 
of  salting, and exposure of  the cheese to exogenous micro-
organisms during and after manufacture [47]. Cheeses that 
are aged for even a short period of  time may experience a 
shift in the microbiota, with different organisms or groups of  
organisms succeeding others [21]. In particular, yeasts and 
molds are known to significantly affect succession events in 
several types of  cheese [35].
Yeasts and molds may enter cheese from a variety of  
sources, including the starter culture, ambient air, brine, pro-
cessing equipment, and workers [5, 34, 39]. Many yeasts can 
contribute to taste, flavor, and appearance; however, not all 
species produce beneficial effects, and a species may benefit 
one cheese while spoiling another. Particular yeasts on the 
surface of  the cheese can cause spoilage or generate unde-
sirable aromas, flavors, or other metabolic products that re-
duce the quality of  cheese [2, 4, 23, 50]. Furthermore, while 
yeasts are rarely associated with foodborne infections, studies 
have shown the presence of  medically relevant yeast species 
in various cheeses, including Candida albicans [11, 51], Can-
dida tropicalis [13, 51], C. krusei, and C. glabrata [51].
Like yeasts, molds are often added to certain varieties of  
cheese to provide a characteristic appearance, consistency, 
and flavor, and prolong shelf  life [16]. However, adventi-
tious molds that contaminate cheese can produce mycotox-
ins and may present a potential health risk [9, 37, 43]. The 
species and abundance of  non-starter yeasts and molds vary 
between different types of  cheese, between cheeses of  the 
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same variety produced by different manufacturers, and even 
between different batches of  the same cheese from the same 
manufacturer [30].
In this study, we sought to obtain a comprehensive over-
view of  the viable fungi–yeasts and molds, beneficial, and 
detrimental—inhabiting cheeses from numerous categories 
and origins. To this end, we sampled a representative vari-
ety of  the cheeses available at a local supermarket at each 
of  four dates, spanning a period of  a year and a half. In to-
tal, 44 cheeses in eight categories, produced in six countries 
and seven US states, were analyzed.
Materials and Methods
Sampling of  Cheese
Forty four distinct cheeses (Table 1), representing the major 
cheese categories [12], were purchased from retailers in Lin-
coln, Nebraska, USA between 2012 and 2013. In some cases, 
the same cheese was purchased at multiple times (up to 4). 
Samples were maintained at 4 °C until analysis. 
Isolation of  Yeasts and Molds
Six samples of  10 g each were aseptically removed from each 
cheese, three each from rind and core. Samples were homog-
enized in 50 ml of  sterile 1 % peptone water using a Stom-
acher Lab Blender 400 (Seward Laboratory Systems, Davie, 
FL, USA) for 5 min at normal speed. Samples were serially 
diluted and plated on YGC agar (yeast extract 0.5 %, glucose 
2 %, agar 1 % and chloramphenicol 0.1 %) and incubated 
aerobically for 5 days at 25 °C. Individual colonies were se-
lected based on morphology and color. The colonies were 
restreaked on YGC agar to ensure pure culture, incubated 
for 4 days at 25 °C, and maintained at 4 °C until processing.
DNA Isolation
Pure colonies were inoculated into YGC broth and incubated 
for 48 h at 25 °C. For yeasts, DNA was extracted following 
the method described by Harju and colleagues [17]. Briefly, 
cells were exposed to repeated freeze thawing to induce ly-
sis, followed by chloroform extraction and ethanol precipita-
tion. For molds, the CTAB-phenol–chloroform method de-
scribed by Pitkin and colleagues [40] was used.
Identification of  Yeasts and Molds
Polymerase chain reaction (PCR) was performed using the 
fungal-specific forward primer ITS1F [14] and the universal 
eukaryotic reverse primer TW13 [53] which amplified the 
ITS1, 5.8S, ITS2, and the 5'–500 bp of  the 28S regions of  the 
nuclear ribosomal RNA genes. The amplification reaction 
was carried out in a T100 Thermal Cycler (Bio-Rad, Hercu-
les, CA, USA) with an initial denaturation step at 95 °C for 
3 min, followed by 30 cycles of  95 °C for 30 s, 55 °C for 30 s, 
and 72 °C for 1 min, and a final extension at 72 °C for 5 min. 
Amplification products were analyzed on 0.7 % agarose gel 
with 0.5 μg ml–1 ethidium bromide. PCR products were sub-
mitted for Sanger sequencing using ITS1F to the Michigan 
State University Research Technology Support Facility. Several 
colonies were sequenced from each cheese, and identical se-
quences from a single sample were considered to represent one 
strain and pooled. Samples were identified by sequence ho-
mology using nucleotide BLAST against the UNITE curated 
fungal ITS sequence database [25] and the curated FUNCBS 
database, as accessed through the Centraalbureau voor Schim-
melcultures (http://www. cbs. knaw. nl/ Collections/ BioloMIC-
SSequenc es. aspx? file= all ; accessed June 2014).
The sequences identified as D. hansenii or P. roqueforti were 
aligned using Muscle in MEGA version 6.06 [46]. The max-
imum likelihood method was used to determine overall sim-
ilarity. One thousand bootstrap replicates were performed; 
otherwise, default settings were used. C. parapsilosis (Gen-
Bank accession number KM115125) was used as an out-
group for D. hansenii, and Penicillium chrysogenum, P. commune, 
P. verrucosum, and P. echinulatum (KM115128, KM115167, 
KM115144, and KM115163, respectively) were used as an 
outgroup for P. roqueforti.
Results
The 44 cheese samples yielded more than 12,000 yeast and 
mold colonies; 239 colonies were obtained in pure culture, 
from which DNA was extracted and submitted for sequenc-
ing. When identical sequences from the same cheese sam-
ple were excluded, 127 unique sequences remained, and 
these were submitted to GenBank as accessions KM115040-
KM115167. After BLAST analysis, 20 different yeast and 
mold species were identified (Table 1).
Diversity of  Yeasts in Cheese
Eight different yeasts were isolated from 39 types of  cheese 
(out of  44 sampled; Table 1). Among these, D. hansenii was 
the most abundant species and was present in 79 % of  all 
cheeses and 63 % of  all samples. The second most frequently 
isolated yeast species was Galactomyces candidus, present in 
13 % of  all cheeses. Other yeasts isolated were identified as 
C. parapsilosis, C. sake, C. batistae, Kluyveromyces lactis, Pichia 
kudriavzevii, and Yarrowia lipolytica. 
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Table 1. Yeasts and molds isolated from retail cheese samples in Nebraska, USA
Very hard cheese
Asiago (Wisconsin, US; A) 1 Debaryomyces hansenii 
  2 Debaryomyces hansenii 
Asiago (Wisconsin, US) 1 Debaryomyces hansenii 
Gruyere (Wisconsin, US; B) 1 Debaryomyces hansenii 
  2 Debaryomyces hansenii, Galactomyces candidus, Aspergillus cf. niger, Penicillium cf. camemberti 
  3 Debaryomyces hansenii 
Parmesan-type (Wisconsin, US; A) 1 Debaryomyces hansenii 
  2 Debaryomyces hansenii 
  3 Debaryomyces hansenii, Cladosporium cladosporioides 
Parmesan-type (Illinois, US) 1 Galactomyces candidus, Penicillium verrucosum 
  2 **
Parmesan (Parma, Italy) 1 Debaryomyces hansenii, Eurotium rubrum 
  2 **
Hard cheese
Cheddar (Wisconsin, US) 1 Debaryomyces hansenii 
Cheddar (Wisconsin, US) 1 Debaryomyces hansenii 
Cheddar (Devon, UK) 1 **
  2 Debaryomyces hansenii 
Cheddar, Goat (Missouri, US) 1 Candida batistae, Candida parapsilosis, Galactomyces candidus 
Jarlsberg (Norway) 1 Debaryomyces hansenii, Galactomyces candidus 
  2 Debaryomyces hansenii 
  3 Debaryomyces hansenii, Aspergillus phoenicis 
  4 Debaryomyces hansenii, Penicillium cf. camemberti 
Romano (Wisconsin, US; A) 1 Debaryomyces hansenii 
Swiss-type (Wisconsin, US) 1 Debaryomyces hansenii, Galactomyces candidus 
  2 Debaryomyces hansenii 
  3 Candida parapsilosis, Debaryomyces hansenii 
  4 Aspergillus flavus 
Semi-hard cheese
Colby (Wisconsin, US; C) 1 Debaryomyces hansenii 
Gouda (Missouri, US) 1 Candida sake, Debaryomyces hansenii 
Gouda (Netherlands) 1 Candida sake, Debaryomyces hansenii 
Gouda (Wisconsin, US) 1 Debaryomyces hansenii 
Gouda, Smoked (Netherlands; D) 1 Penicillium cf. camemberti 
  2 **
  3 Debaryomyces hansenii, Aspergillus cf. niger, Cladosporium sphaerospermum 
Monterey Jack (Nebraska, US; E) 1 Debaryomyces hansenii, Penicillium cf. roqueforti 
  2 Debaryomyces hansenii, Penicillium cf. roqueforti 
  3 **
  4 Debaryomyces hansenii 
Provolone (Wisconsin, US) 1 Debaryomyces hansenii 
  2 Debaryomyces hansenii 
  3 Debaryomyces hansenii 
Raclette (Wisconsin, US; B) 1 Debaryomyces hansenii 
Semi-soft cheese
Fontina (Wisconsin, US; A) 1 Debaryomyces hansenii, Penicillium verrucosum 
  2 **
  3 Debaryomyces hansenii 
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Table 1. Yeasts and molds isolated from retail cheese samples in Nebraska, USA (continued)
Havarti (Wisconsin, US) 1 Penicillium cf. camemberti 
Bel Paese (Italy) 1 Debaryomyces hansenii 
  2 Debaryomyces hansenii 
  3 Debaryomyces hansenii, Penicillium cf. camemberti, Penicillium gladioli 
  4 Debaryomyces hansenii, Penicillium cf. camemberti 
Muenster-type (Wisconsin) 1 Debaryomyces hansenii 
Wensleydale (UK) 1 Debaryomyces hansenii 
  2 Debaryomyces hansenii, Penicillium cf. roqueforti 
  3 Debaryomyces hansenii, Pichia kudriavzevii, Penicillium cf. camemberti 
Blue cheese
Blue (Minnesota, US; F) 1 Penicillium cf. roqueforti 
  2 Debaryomyces hansenii, Penicillium cf. roqueforti 
Blue (Wisconsin, US) 1 Penicillium cf. roqueforti 
  2 Candida parapsilosis, Penicillium cf. roqueforti 
  3 Penicillium cf. roqueforti 
Blue (Wisconsin, US; B) 1 Penicillium cf. roqueforti 
  2 Debaryomyces hansenii, Penicillium cf. roqueforti 
  3 Debaryomyces hansenii, Penicillium cf. roqueforti 
Blue (Wisconsin, US; B) 1 Debaryomyces hansenii, Penicillium cf. roqueforti 
Stilton (Leicestershire, UK) 1 Debaryomyces hansenii, Penicillium cf. camemberti, Penicillium cf. roqueforti 
Gorgonzola-type (Minnesota, US; F) 1 Penicillium cf. roqueforti 
  2 Penicillium cf. roqueforti 
  3 Penicillium cf. roqueforti 
Soft fresh cheese
Cottage cheese (Iowa, US) 1 **
  2 **
  3 **
Cream cheese (Wisconsin, US) 1 **
  2 **
  3 **
Feta (Pennsylvania, US) 1 Kluyveromyces lactis 
  2 **
  3 Debaryomyces hansenii, Penicillium cf. roqueforti 
Mascarpone (Wisconsin, US; A) 1 **
  2 Debaryomyces hansenii 
  3 Penicillium cf. roqueforti 
Mozzarella (Wisconsin, US; A) 1 Penicillium brevicompactum, Penicillium cf. camemberti 
  2 Penicillium cf. roqueforti, Penicillium paneum 
Ricotta (Illinois, US) 1 **
  2 Debaryomyces hansenii, Penicillium cf. roqueforti 
  3 **
Washed rind cheese
Mold-ripened (Bavaria, Germany) 1 Debaryomyces hansenii 
  2 Debaryomyces hansenii, Galactomyces candidus 
  3 Debaryomyces hansenii, Galactomyces candidus, Yarrowia lipolytica 
  4 Debaryomyces hansenii, Galactomyces candidus, Yarrowia lipolytica, Penicillium cf. roqueforti 
Not otherwise classified
Spanish-type fresh (Wisconsin, US) 1 Debaryomyces hansenii 
Spanish-type fresh (Wisconsin, US; B) 1 Debaryomyces hansenii 
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Diversity of  Molds in Cheese
BLAST searches identified 12 different molds from 23 types 
of  cheese (out of  44 sampled; Table 1). The most common 
molds were Penicillium (approximately 50 % of  molds iso-
lated, and present in 45 % of  cheeses overall) and Aspergil-
lus (15 % of  molds isolated, in 11 % of  cheeses). At the spe-
cies level, Penicillium cf. roqueforti was the predominant mold, 
present in all blue cheese samples and 23 % of  samples over-
all. P. cf. camemberti was present in ~10 % of  all samples. P. 
verrucosum and Aspergillus cf. niger were each isolated from 
two cheeses, and seven mold species were isolated once each.
Fungal Distribution and Effect of  Manufacturer
From 0 to 4 distinct fungal species were isolated from any in-
dividual cheese at any given sampling time. The largest num-
ber of  species isolated from any single cheese was four. Fungi 
could not be cultured from two cheeses—cottage cheese and 
cream cheese, and one or two samples each from other soft 
fresh cheeses (Feta, Mascarpone, and Ricotta) yielded no cul-
tures. Samples from which yeasts and molds were isolated 
contained 1.5 × 102 – 7.95 × 108 CFU g–1 (median 8.5 × 103 
CFU g–1; data not shown).
Six manufacturers, designated A, B, C, D, E, and F (see 
Table 1; Figures 1, 2) each produced multiple types of  cheese 
in our survey. D. hansenii was isolated from all five cheeses 
produced by manufacturer A and in eight out of  nine sam-
ples. The only sample from this manufacturer from which 
D. hansenii was not isolated was a blue cheese. P. cf. roqueforti 
was recovered from this cheese. For manufacturer B, D. han-
senii was isolated from five out of  six cheeses and eight out 
of  13 samples. Fungi were isolated from four of  these sam-
ples, and P. cf. roqueforti alone was isolated from one sam-
ple. Mozzarella made by manufacturer A yielded multiple 
Penicillium species (including P. brevicompactum, P. paneum, P. 
cf. camemberti, and P. cf. roqueforti). Samples of  cheese from 
manufacturer A also yielded Cladosporium cladosporioides and 
P. verrucosum. Manufacturers C–F each produced two cheeses 
in our survey, for a total of  two samples (manufacturer C) to 
five samples (manufacturer F).
DNA Sequence Analysis
ITS sequence alignment was used to assess the similar-
ity of  D. hansenii and P. cf. roqueforti isolates from cheese 
samples. Fifty-eight D. hansenii ITS sequences were aligned 
to a length of  485 nucleotides, with 374 invariant posi-
tions. The majority of  sequences did not differ significantly 
from the consensus sequence. For example, 23 sequences 
matched the consensus, and a further ten differed by only 
one nucleotide. However, ten sequences differed from the 
consensus by ten or more nucleotides (maximum of  20). 
Isolates formed many clades with high (>95 %) bootstrap 
support (Figure 1); however, this represents comparatively 
few shared derived characters, and is likely an artifact of  
long branch attraction. No significant clustering of  iso-
late by cheese, type, manufacturer, or date of  collection 
(data not shown) was observed.
Twenty nine P. cf. roqueforti sequences, from ten cheeses, 
produced an alignment of  619 nucleotides, 578 of  which 
were invariant. Eighteen sequences did not differ from the 
consensus and four differed by only one nucleotide; only two 
sequences differed from the consensus at ten or more posi-
tions [12 (distinct) positions for both]. The likelihood tree 
(Figure 2) showed little resolution, congruent with the lim-
ited sequence variation between isolates. Comparison of  da-
tabase sequences suggested that P. roqueforti, P. carneum, and 
P. paneum could not be reliably distinguished by ITS sequence 
data; in our analysis, P. carneum isolates were indeed indis-
tinguishable, while the two P. paneum isolates were clearly 
distinct from P. roqueforti and P. carneum, clustering with the 
outgroup taxa with 98 % bootstrap support. As for D. hanse-
nii strains, sequences did not cluster significantly by cheese, 
type, manufacturer, or date of  collection.
Discussion
In this survey of  44 cheeses, D. hansenii, present in 63 % of  
all samples, was clearly the dominant fungus. The prevalence 
of  D. hansenii in cheese is likely due to several physiologi-
cal properties. This organism is able to grow in high salt 
Table 1. Yeasts and molds isolated from retail cheese samples in Nebraska, USA (continued)
Novelty (Wisconsin, US; C) 1 Debaryomyces hansenii 
Novelty (Nebraska, US; E) 1 Debaryomyces hansenii 
Cream Gouda (Netherlands; D) 1 Debaryomyces hansenii 
Each cheese named represents a distinct type and manufacturer. Manufacturers from whom multiple cheeses were purchased are indi-
cated as A–F. A cheese was purchased and sampled from 1 to 4 times, depending on availability
** Fungus was not detected













concentrations and low pH, can use lactate as the main car-
bon source [15], produces proteolytic and lipolytic enzymes 
capable of  metabolizing milk proteins and fat, and grows at 
low temperature and low water activity [8, 52]. The major-
ity of  D. hansenii isolates were highly similar (Figure 1), and 
no clear clustering by cheese, type, manufacturer, or date 
was detected. With a few exceptions, D. hansenii isolated in 
this study may represent a single domesticated adjunct cul-
ture strain, or closely related strains in widely separated lo-
cations [28].
The second most common yeast, Galactomyces candidus (= 
Geotrichum candidum), was isolated from Gruyere-type, Par-
mesan-type, goat’s milk Cheddar, Swiss-type, Jarlsberg, and 
a mold-ripened, washed rind cheese. G. candidus is used as a 
starter culture in surface mold-ripened cheeses [32, 54] and 
is generally recognized as safe. Pichia kudriavzevii was isolated 
from a single sample of  Wensleydale cheese. This yeast is a 
common species in Graukase cheese and has also been iso-
lated from brines [28]. Kluyveromyces lactis was also isolated 
only once, from a single sample of  feta cheese. Its presence 
in cheese may contribute to flavor development, increasing 
the concentration of  odorous compounds and changing the 
flavor. It is also known for its ability to assimilate lactose [10].
Mold-ripened cheeses are known to contain not only 
the widely used production strains (e.g., P. roqueforti and P. 
camemberti), but also other species of  Penicillium and other 
fungal genera. Penicillium species diversity may be under-
reported in this study; BLAST searches gave top hits to P. 
brevicompactum, P. camemberti, P. carneum, P. chrysogenum, 
P. commune, P. gladioli, P. paneum, P. roqueforti, P. solitum, and 
P. verrucosum. However, ITS sequence is insufficient to accu-
rately distinguish P. chrysogenum, P. commune and P. solitum 
Figure 1. Maximum likelihood tree of  Debaryomyces hansenii 
sequences from cheese. 1000 bootstrap replicates were per-
formed; bootstrap support ≥70 % is shown.
Figure 2. Maximum likelihood tree of  Penicillium cf. roque-
forti sequences from cheese. 1000 bootstrap replicates were 
performed; bootstrap support ≥70 % is shown.
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from P. camemberti, or P. carneum, and some isolates of  P. 
paneum from P. roqueforti. In this survey, the abundance of  
P. cf. roqueforti isolates varied greatly among the different 
types of  cheese. As expected, all blue cheese samples con-
tained P. cf. roqueforti due to the use of  P. roqueforti as a sec-
ondary culture [20]. Little differentiation was observed be-
tween strains isolated from different blue cheeses (Figure 2). 
The homogeneity of  strains in blue cheese is likely due to 
use of  the same strains as adjunct cultures; similar strains 
in non-blue cheeses (Mozzarella, Mascarpone) may repre-
sent within-plant contamination.
Safety concerns raised by adventitious fungi include the 
potential for infection by opportunistic pathogens, and the 
potential of  various molds to produce mycotoxins. C. parap-
silosis, isolated from Swiss-type, blue cheese, and goat’s 
milk Cheddar, is an emerging human pathogen capable 
of  causing invasive candidiasis due to exogenous acqui-
sition [33, 48]; however, infection due to consumption of  
contaminated food has not been documented. C. parapsi-
losis has been isolated from a wide variety of  environmen-
tal sources, including hands of  workers, soil, freshwater, 
marine water, and plants [33], and has been recorded as a 
dominant species in the Italian cheese Manteca [44]. Yar-
rowia lipolytica, isolated from two samples of  a washed 
rind cheese, is also an emerging opportunistic pathogen, 
although cases are rare [22].
Aspergillus and Penicillium species are capable of  producing 
a wide range of  mycotoxins. Of  molds isolated in this study, 
Aspergillus flavus, isolated from a single sample of  Swiss cheese 
and capable of  producing aflatoxins, presents the greatest po-
tential public health concern. Hayaloglu and Kirbag reported 
A. flavus from a single sample of  Turkish Kuflu cheese; how-
ever, this fungus is much more commonly associated with 
foods of  plant origin [18]. Aflatoxin in dairy is an acknowl-
edged problem, but is associated with the metabolism of  af-
latoxin B1 in lactating cattle to produce the milk-associated 
aflatoxin M1, and not generally with the growth of  fungi in 
dairy products. A. flavus is capable of  growth and aflatoxin 
production following artificial inoculation on Cheddar [29], 
so the risk, while low, exists. A. niger, isolated from smoked 
Gouda, is used in industrial fermentations and such strains 
have generally recognized as safe (GRAS) status; however, 
some strains have been reported to produce ochratoxin [1]. 
P. roqueforti isolates can produce PR-toxin, roquefortine C, 
mycophenolic acid, and andrastin A [6, 36] but PR-toxin is 
unstable in cheese and the toxicity and role of  the other po-
tential mycotoxins in human health have not been conclu-
sively demonstrated [6]. Wild Penicillium related to P. roque-
forti and P. camemberti may produce patulin, cyclopaldic acid 
[7], and cyclopiazonic acid in culture [27, 41]. Cyclopiazo-
nic acid has been produced on cheese agar [27], but has not 
been implicated in human poisoning [41].
Food spoilage occurs when microorganisms, including 
starter culture strains, grow in excess or in products where 
they are not desired. Penicillium species are the primary spoil-
age agents of  refrigerated cheese, and prolonged storage of  
refrigerated packaged cheese creates an environment which 
favors P. roqueforti [26]. P. cf. roqueforti was isolated from one 
sample each of  Wensleydale, Mascarpone, Feta, Ricotta, a 
mold-ripened washed rind cheese, an alpine style cheese, and 
two samples of  Monterey Jack, in which it is more likely a 
contaminant than an ingredient [49]. P. commune is among 
the most common spoilage organisms on cheese [21, 50] and 
growth results in discoloration at the surface and production 
of  off  flavors [31]. Aspergillus niger is commonly isolated from 
foods and can cause thread mold spoilage of  cheese [19]. Of  
the yeasts we isolated, only C. parapsilosis is considered a se-
rious spoilage organism in dairy, due to its production of  li-
polytic and strong proteolytic enzymes [42], a trait notably 
shared with Yarrowia lipolytica [52]. C. parapsilosis represents 
a potential spoilage agent in the cheeses from which we iso-
lated it (goat’s milk cheddar, Swiss-type, and blue); however, 
it should be noted that none of  the cheeses in our study were 
noticeably spoiled. We only detected Y. lipolytica in two sam-
ples of  a mold-ripened cheese, a substrate from which this 
yeast has been previously reported as of  high abundance, 
and in which it is considered a defect [55].
With the exception of  P. roqueforti and blue cheese, and 
the near-ubiquity of  D. hansenii, there was no strong corre-
lation between cheese (i.e., Cheddar), cheese type (i.e., hard 
cheese), manufacturer, or sampling date (data not shown), 
with the yeast or mold species isolated. No manufacturer 
could be said to possess an obvious “house blend” of  fungi, 
although the intentional use of  D. hansenii by manufacturers 
A, B, and possibly C is probable, while the intentional use of  
P. roqueforti in blue cheeses is certain.
Blue cheeses and soft fresh cheeses were the only cate-
gories in which D. hansenii was lacking from the majority 
of  samples. Soft fresh cheeses, such as cottage cheese and 
cream cheese, do not undergo a prolonged ripening process, 
nor are yeasts or molds commonly used as starters for these 
cheeses. Due to the high moisture content and low pH, soft 
fresh cheeses are particularly prone to fungal spoilage [24] 
and, while both D. hansenii and P. roqueforti were isolated 
from these cheeses (along with more overt spoilage species 
such as P. carneum), it may be assumed that these fungi were 
contaminants.
Our sampling obtained a broad diversity of  mold and yeast 
species; however, some species may be unculturable on the 
chosen media. Others may have been present at such low 
numbers, or grown so slowly, that they were concealed by 
the dominant species. Colonies were selected based on mor-
phology, color, shape and size, so species with similar gross 
morphology may have been under-sampled or undetected. 
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It is difficult to know whether species are present from the 
starter culture (if  used) or if  they are natural contaminants. 
This may be due to contamination from different sources such 
as the environment, workers, ripening environment, handling 
sources, and sampling bias. We did not consider the length 
of  storage prior to sale in our analyses, which may change 
the abundance of  fungal species. The longer the storage time, 
the higher the chance of  cheese contamination. 
The yeasts and molds isolated differed between cheeses, 
cheese types, and samplings, as would be predicted. Yeast 
and mold species that were not consistently detected between 
samplings or within a manufacturer’s products are likely con-
taminants [28, 47]. The source(s) might be predicted based 
on fungal ecology (i.e., farm environment, factory environ-
ment, or personnel), but cannot be conclusively traced. It is 
important to examine the production line and identify pos-
sible points in the process where the cheeses are exposed to 
mold and yeast contamination. However, the majority of  
molds and yeasts detected in this study were likely starter 
culture organisms and unlikely to cause serious harm.
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